Richter's hernia is an uncommon condition of hernia, in which only a portion of the antimesenteric bowel wall is entrapped in the hernia orifice. Although it is a well-recognized entity in adults, Richter's hernia is much less frequently diagnosed in children, especially in the premature neonate. There has been only one report of this special type of hernia in the neonate in the English literature. Its tendencies to early strangulation and frequent lack of obstructive symptoms make it difficult to be diagnosed before operation. The author presents a unique case in which an inguinal hernia with incarceration and ischemic testis has been diagnosed and surgically proven in a premature newborn. Duplex sonography played an important role in the preoperative diagnosis because there was no significant evidence of intestinal obstruction. The sonographic features and the findings of its complication are described.
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Case Report
This case study involves a four-week-old male weighing 1500 g who was delivered by cesarean section at 30 weeks gestational age. The baby had been ventilated since birth because of extremely low birth weight (990 g) and respiratory stress at birth. Due to the right inguinal fullness, he was diagnosed with right inguinal hernia. One day following diagnosis, on the day of surgery, he developed abdominal distention, tension, and irritation. He also experienced a recurrence of respiratory stress with significant oxygen desaturation. The physical examination revealed right groin and right scrotum fullness and a palpable small tender mass along the inguinal canal. An abdominal X-ray series demonstrated mild bowel dilatation. Under conservative medical treatment, the symptoms were reduced. A few hours later, a repeated abdominal X-ray showed there was less bowel gas. Because X-ray findings did not support the diagnosis of bowel obstruction, it appeared unlikely the baby had bowel herniation. A sonographic examination was therefore requested to rule out testicular torsion.
Duplex sonographic imaging revealed that the right processus vaginalis was patent and about 8 mm in diameter. In the adjacent right lower abdomen, there was a bowel loop containing air. The air was persistently moving with the intestinal peristalsis. At a longitudinal view at the processus vaginalis, a section of the bowel was visualized as a dumbbell-shaped structure (Fig. 1 ). One portion of the dumbbell was located in the abdomen and contained moving air, whereas the other portion formed a folded structure that protruded from the abdomen into the upper scrotum through the processus vaginalis. At the transverse view at the groin, a double circular structure was seen. The outer one represented the hernia sac, and the inner one corresponded to the portion of herniated bowel that was adjacent to the spermatic cord (Fig. 2) . The right testis appeared heterogeneous in texture and displayed no flow on color Doppler (Fig. 3) .
Incarcerated Richter's hernia with ischemic testis was diagnosed, and emergency surgery was performed. The surgery confirmed the diagnosis. During surgery, it was observed that about a half of the antimesenteric wall of the distal ileum was entrapped into an indirect inguinal hernia sac. The incarcerated bowel was edematous and erythematous but viable. The hernia was reduced, and the testis was preserved. The baby recovered smoothly, and a repeated duplex sonography showed that the blood flow of the right testis was restored one week after the operation.
Discussion
The inguinal canal is one of the most common sites of Richter's hernia, second only to the femoral canal. Other sites include the obturator canal, um-FIG. 1. Sonographic longitudinal imaging with a 12-MHz linear transducer placed crossing the right groin. It demonstrates a dumbbell-shaped structure. One portion of the dumbbell is located in the abdomen and contains moving air, whereas the other portion forms a folded structure that protrudes from the abdomen into the upper scrotum through the processus vaginalis.
FIG. 2.
Transverse imaging of the right groin shows a double ring-shaped structure. The outer one corresponds to the rigid ring at the orifice of hernia sac, and the inner one represents the incarcerated bowel that is adjacent to the sperm cord. bilicus, epigastric hiatus, and even the lumbar triangle of Petit. 1 As laparoscopic surgery has become more popular, the incidence of Richter's hernia at the trocar sites has been significantly increased. 2 The typical age of patients with Richter's hernia falls into the range of 60 to 70. Children, infant, and neonate cases are rare. All reported neonate Richter's hernias have appeared in the inguinal canal, and the diagnoses were made postsurgically. 3 The occurrence of an inguinal hernia is related to the persistent patency of the processus vaginalis. Misra and colleagues 4 noted that the incidence of inguinal hernia has increased in premature neonates, 41% of whom had been ventilated for an average of 3.9 weeks after birth. They pointed out that the hernia might be caused by ventilation-induced positive intra-abdominal pressure that keeps the processus vaginalis open. In the present case, the ventilation time was four weeks.
The distal ileum is involved most frequently in a Richter's hernia, although any portion of the large or small intestine may participate. 1 The presence of a rigid ring at the orifice of a hernia sac in a true Richter's hernia contributes to its high incidence of incarceration and strangulation. 5 Whether intestinal obstruction occurs depends on how much of the bowel circumference is involved. With two thirds or more circumference involvement, the intestinal obstruction is more likely to occur. Because the contents in the sac are minimal, spontaneous reduction may occur, which results in a clinical silence. Incarceration and strangulation can take place without bowel obstruction. This may lead to a delayed diagnosis and treatment.
Therefore, clinical diagnosis of incarcerated Richter's hernia can be difficult and challenging, especially in premature newborns who have groin masses. Duplex sonography is valuable in determining the patency of the processus vaginalis, the entrapment of abdominal structure, and the reservation of the blood supply to the testis. It is also a useful tool to differentiate the nature of groin masses.
Kervancioglu's group used sonography to examine bilateral groins in children with unilateral inguinal hernias. 6 In their study, a patent processus vaginalis diameter of 4 mm or greater was considered a hernia. The accuracy, specificity, and sensi-tivity were 94.9%, 85.7%, and 95.4%, respectively. In the present case, the diameter of the processus vaginalis on the right groin, the hernia site, was 8 mm, whereas the normal contralateral one was about 2 mm.
The reported sonographic features of Richter's hernia are variable in the literature, and they are dependent on the site of the hernia, the size of the entrapped bowel, and the presence of fluid in the hernia sac and in the lumen of the obtruded bowel. Middlebrook and Eftekhari 7 depicted the sonographic appearance of Richter's hernia as a doughnut-shaped ring in the femoral canal of a woman in her mid-70s. 7 The doughnut sign was fashioned by the enhancement of the surrounding exudative or reactive fluid. In Hiller et al.'s report, 8 the sonographic imaging of Spigelian Richter's hernia revealed a superficial hypoechoic mass consisting of a dilated edematous bowel loop incarcerated within a Spigelian hernia. In this study's case, however, a dumbbell-shaped structure was demonstrated in an indirect inguinal hernia (Fig. 4) . Because the involved structures were so superficial in a premature newborn, the nipped intestinal wall was well demonstrated as a folded structure within the hernia sac by using a high-frequency transducer without enhancement of free fluid. The other portion of the dumbbell-shaped structure was the abdominal continuum of the incarcerated bowel, which was characterized by some moving air.
Testis infarction is a well-recognized complication of indirect inguinal hernia and a common complication of incarcerated hernia, especially in infants. 9 It is not difficult to understand that added intraprocessus vaginalis pressure from the entrapped abdominal content and consequent edema causes mechanical compression of the testicular vessels, which results in ischemia or infarction of the testis.
